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V.  X.  Arkharov  end  7.  N,  Konev 

STUDY  OF  REACTION  DIFFUSION  Hi  •VITAL  -  COFFCUND  GAS*  SYSTEM 
1.  GENERAL  FICTURE  OF  FHENCNENON 

I.  Rational  Pasis  for  Or^anl-ratior,  of  Research  on  Reaction  Diffusion 
In  "vs  terns  Containing  Cerr.r.ound  Gas  ' 

The  ectior.  of  a  chemically  satire  gns  medium  00  surface  layers  of  m«*tallic 
product?  occurs  in  two  important  areas  of  the  industrial  practice,  such  as, 
firstly,  in  the  chemical  treatment  in  gas  media  end,  secondly,  in  the  serrice 
life  of  products  when  they  are  surrounded  by  aggreasiv#  gaseous  media, 
particularly  at  high  temperatures  (gas-induced  corrosion), 

In  all  these  cases,  there  emerges  and  develops  the  process  of  the  so-called 
reaction  diffusion,  in  which  a  layer  of  products  resulting  from  the  chemical 
reaction  of  metal  with  gas  medium  tviz.  the  dress)  appears  on  the  outer 
surface  of  metalj  a  further  process  of  their  interaction  is  effected 
by  the  diffusion  nf  atoms  or  ions  of  rx-tpllic  and  gaseous  component? 

L ..cough  the  layers  produced  solid  phases,  co.  ine-d  with  chemical  reactions 
in  bourn4 ary  rone?  near  surfaces  Federating  "metal  -  dross"  and  "dross  -  gas 
medium',  as  well  as  on  boundaries  between  layers  of  reaction  product?  -  phajur 
(differing  in  composition',  Vue!,  several  of  them  are  developed. 

I.'iu'erous  researches  vr-e  conducted  in  this  important  area  od  [hysico- 
-c he mi  cal  problems.  Retraining  from  their  detailed  review,  wt  can  not* 
that  thes.*  researches  were  concerned  mainly  with  examining 
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the  processes  of  reaction  diffusion  In  binary  'solid  metal  -  gas*  systems, 
whose  both  components  are  chemical  elements.  *e  can  refer  also  to  msneroua 
researches  of  the  same  kind  for  mor^  couples  system  of  the  'solid  alloy 
of  metals  -  gas*  type,  in  which  several  chemical  elements  (alloy  components), 
interacting  with  one  gaseous  element,  participate  on  the  side  of  th«  initial 
solid  medium*. 


Of  course,  the  studies  of  these  system'  are  more  interesting  from  the  vi e 
point  of  practice  in  which  t  v*  ^Iloyg  ere  employed  almost  constantly 
instead  of  pure  metals ;  however,  at  the  same  time,  they  are  more  difficult 
for  researches  then  the  binary  systems.  3ut,  if  practical  lntereste 
are  discussed,  we  iuust  note  that  the  practical  requirements  complicate 
still  further  the  researches  on  reaction  diffusion,  because  of  an  aver-increasi 
number  of  cases  encounte  red  in  practice,  wherein  not  only  the  initial  solid 
medium  but  also  the  r.egeous  medium  contains  several  chemically  active 
components  included  in  the  composition  of  developed,  dross-layer  fonning 
solid  phases.  Thus,  for  instance,  parts  of  equipment  in  some  branches 
of  engineering  experience  the  action  of  fuel-cocbustion  products,  containing 
(in  aCditio*.  to  residual  oxygen)  also  the  components  which  yield, 
from  the  gaseous  phase,  sulfur,  carbon  aa^  other  ele~.-r.ts  participating 
in  the  dro^s  foinfitionj  besides  oxygen,  also  nitrogen,  etc, turn  out  to  be 


<*- 

here  we  may  include  also  the  cases  wherein  the  gaseous  medium  contains, 
sp.art  from  an  active  chemical  element,  likewise  other  neutral  elements, 
i.  e.  those  not  cob;;  rieed  in  the  eoraposi tion  of  chemical  compounds 
produced  on  the  surface  of  metal. 
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chemically  active  for  certain  metals  and  alloys  during  their  oxidization 
in  atmospheric  air. 

The  luulti component  nature  of  the  system  causes  a  complication 
of  the  reaction-diffusion  process  in  two  respeetc. 

Firstly,  an  increase  in  the  number  of  system  components  result1" 
in  a  growing  variety  of  nascent  intermediate  phases  in  this  system# 
these  phases  differ  in  composition  and  structure,  which  complicates 
decoding  of  the  drcss-construction  picture. 

Secondly,  variation-  In  the  diffusion  penetrance  of  intermediate  phasea, 
caused  by  differences  in  their  structure  and  composition,  induce  -mristioss 
in  the  total  cour?  .*  of  diffusion  through  the  entire  multilayer  dross 
upon  the  whol> ,  i.  e.  complicate  the  picture  of  reaction-diffusion  kinetics. 

In  formulating  the  general  Goal  of  studying  the  reaction  diffusion 
(particularly,  the  gas  corrosion  and  technological  processes  involved 
in  production  of  heat-resistant  costings)  for  seeking  practical  nwthode 
to  regulate  th<*se  processes,  it  is  possible  to  establish  s  large  group 
of  more  special  problems  which  may  be  described  as  problems  of  studying 
the  reaction-diffusion  mechanism  in  systems  belonging  to  the  type 
of  'solid  element  (octal)  -  mixture  of  two  chemically  active  gaseous 
components '  (in  toe  presence  or  absence  of  other  neutral  gesecu*  components). 
For  the  sake  of  brevity,  such  systems  can  oe  designated  by  the  syxbol 

-  'X'  -bX')2.  vy^ps^etar's  note  i  footnote*  appears  oc  the  next  page 
of  this  translation. 
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We  asaun*  that  X'  arvi  X*  do  not  interact  in  the  gaseous  ph*aa 
and,  consequently,  do  not  produce  £aseoua  ccerpouads  of  the  X^  X£  type, 
whose  interaction  witfi  netcl  may  differ  free  the  interaction  of  V  sad  !• 
with  roetal. 


■-rA.  Kinetics  of  faction  diffusion  ir.  Systems  of  *Ke  -  (X1 »  X_*)»;Tjna 


a.  -i ,-rtifl car.ce  of  the  ty^e  of  a  Sat*  Haorams  for  binai 
systems  of  elements  rartjcl-  e t i nr  in  reaction  djffusjc 


ternary 


?,e  pheees  which  r nay  develop  in  the  constitution  cf  drose  during  a  reaction 
diffusion  in  tha  •be  ~  (rH')'  system,  *r  well  as  the  chemical  composition 
and  the  crystallic  structure 'of  these  phpses,  are  deterudnad,  first  of  all, 
by  the  state  diagram  of  the  ternary  »'*  -  X'  -  X*  system;  ternary  chemical 
compounds,  deve'oping  in  dross,  are  contained  in  thin  diagram  and  they  emerge 
on  a  simultaneous  diffusion  of  X*  and  •  elements,  adaorbed  fr*»  tha  gaseous 
medium  on  the  surface  of  the  solid  phase  an*  into  the  depth  „f  the  latter, 
where  diffusing  store  (or  ions)  of  X»  and  X*  encounter  the  atom  (or  ions) 
of  h'e ,  The  chemical  interaction  of  tiree  cocponer.tr  will  form,  at  the  same  ti.^r 
s  dress  with  a  diverse  phase  composition,  sc  cording  to  difference* 
in  the  character  of  ^eVo-bim.ry  state  dia grama  pr^uced  by  chemioal 
compounds  which  are  contained  in  binary  astern,  of  'be  -  X*  •  and  'We  '  **?• 
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Ve  shall  examine  three  principal  cases  of  a  variciua  caublnatlcc 
of  these  compounds,  1.  e.  principal  types  of  such  pseudo-  inary  eystens 
that  correspond  to  principal  variar.ta  of  the  reaction-diffusion  princess 
lu  *I>  -  (T*  +  X* )  •  fly  stems .  V’e  jd.all  assume,  at  the  iame  time,  t'iat  everyone 
of  constituent  binary  systems*  Me  »  X*  and  lie  -  X*,  dontains  one  chemical 
conjound,  end  Me_X*.  respectively^.  • 

« 

Flrrt  Case.  The  pseudo-binary  stete  diegror  vitr.  the  unlimited  reciprocal 
diesolvatility  of  compound  prcd-jce^  in  binary  systems;  of  Is  -  X'  Z214 

end  Me  -  X*. 


Purine  the  conjunct  reaction  diffusion  of  X'  snJ  X*  elements  into  the  solid 
metal  Me  we  shell  have  e  forr^ticn  of  dross  consisting  of  one  phase 
with  gradients  of  the  concentration  in  de-th  for  both  corrjor.enta. 

The  composition  of  this  phase  can  he  Jesi.yr.flted  oor.v^ntionclly  by  the  formula 

'to,5T-1- 

wherein  £//f  ’spends  on  the  relation  of  partial  pressures  of  X’  and  X* 

In  the  gaseous  medium,  and  or  the  degree  of  the  cherucal  af.ici.y 
of  these  elen-r.ts  to  metal;  *  ad  ft  vary'  from  minimum  value?  or.  the  outer 
efface  of  yrr«r  to  maximum  values  on  the  dress-metal  boundary;  at  t'e  same  time 
the  relati.r-  >isn  sndfl^;^,  are  retained. 


In  the  pr-serce  of  a  large  number  of  inhere? ’ i ate  phases  in  binary 
systems ,  the  analysis  of  a  role  played  by  various  ccr.bi&st iocs  of  .ypes 
of  suet  sycteiB#  in  the  general  reaction-diffusion  process  requires 
taking  into  account  e  correspondingly  large  number  of  *t#t«  diagn 
of  pseudo-binary  systems  of  the  ’He^X^  -  ^»p^J *  type. 
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In  a  special  cane,  when  only  solid  solutions  of  X1  or  I*  In  Me 
are  produced  in  constituent  binary  “ysterar,  i.  e,  (he,  X*)  and  (Ms,  X*), 
the  dross  will  consist  of  the  ternary  soils  solution. 

Second  Cass.  The  pseudo-binary  state  di^fxar.  vita  a  lir.iteu  dissolvability 
of  X'  and  X*  in  Me  XI  and  i\e,.X*  compounds.  itcre  the  -’roes  structure 

JL  !•  i-  ■* 

will  hare  another  fora;  the  o^ter  lav*:*  vill  consists  of  the  phase 

with  a  higher  content  of  this  particular  *l*:.ent  (/'  or  X*;  which  is  endowed 

with  a  lower  diffusion  osobility.  If  ve  a*-? xuj  that  the  diffusion  mobility 

of  X'  ie  low«*r  then  t.iat  of  X',  then  the  outer  layer  will  consist 

of  the  phase  Me..(X^_^  X*g),  vher-  n.  At  a  specific  •*ep*h  in  the  droaa, 

there  is  a  possibility  of  en>  rgecce  end  development  of  a  layer  of  another 

phaae  with  an  increased  concentration  of  this  particular  ’gaseous*  elfejjent 

which  i«  endowed  with  a  higher  diffusion  mobility,  riz.  the  phase 

;'»-X*X«  ,  vher„  £  «q 

y  X  q-t 

(for  the  example  presented  above). 

Third  Cose.  Vo  dissolvability  of  X*  in  and  of  X'  in  Me,.  '* . 

Ir.  this  case,  the  difference  in  tie  chemical  affinity  of  X;  and  X* 
to  Ve  plays  a  principal  role  in  t.ie  formation  of  dross  stricture. 
k$  the  y*rv  >  e--- inning,  th^re  develops  on  tv.e  octal  surface  *  layer 
composed  of  the  phase  existing  *r  th»  binary  system  which  is  produced 
by  Ke  * th  this  particular  eie  ent  (either  X’  or  X*)  that  has  a  closer 
cheaicsl  affinity  to  1#,  say,  for  instance,  with  X^  (i.  «.  the  layer 
consists  of  the  Ma  X£  phase).  Sue  to  the  fact  that  the  other  element  (X*) 

4>- 
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is  not  dissolvable  in  this  layer,  the  l9tter  prevents  X*  from  oenetrsting 
to  the  m»tal  ami  from  producing  compounds  prerent  in  the  second  binary 
hie  -  X*  system,  although  these  compounds  are  therijy’ynenlcally  stable 
under  conditions  of  the  proce8S,  similarly  to  compounds  in  the  Me  *  X*  system. 

b,  Slcnlf leasee  of  the  type  of  the  crystal  lie  structure  of  phases 
reduced  lr.  the  dross. 

The  a'rove  exposition  .mares  it  clear  that  differences  in  the  rate 
:,f  diffusion  of  components  through  the  layers  of  phases  -  reaction  products 
sre  very  important  for  the  dross  formation*  at  the  same  time,  there 
differences  become  established  to  a  different  extent  for  various  layera 
of  the  dross;  eocordlnyly,  s  more  or  less  complex  distribution 
of  the  depth  concentration  of  components  in  the  dross  r-eco:..e»  established. 

In  turn,  the  ■’iffusion  rate  of  components  is  determined  by  crystal lochemi cal 
characteristics  of  produced  phases,  such  as  the  crystallographic  type 
of  lstticesj  character  and  magnitude  of  forces  of  the  interatomic  bus*! 
in  these  lattices*  ratios  of  atomic  and  ionic  radii  of  components! 

odency  of  phases  to  the  development  of  vacancies;  relative  dimensions 
of  interstices  and  atoms;  types  of  the  solid  solution  of  X'  and  X*  components 
In  the  lattice  of  the  chemical  compound  and,  in  particular,  the  type 
of  the  solid  solution  produced  by  s  more  rapidly  d.iff using  component 
(for  lnstence,  X*)  in  the  lattice  of  compound  of  a  less  slowly  diffusing 
component  (X’)  with  metal,  i.  e.  in  the  lattice  of  *%•  pk»ses 

which  constitutes  in  the  given  case  the  outer  layer  of  droes.  In  ivSditioa 
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to  these  principal  factors,  there  are  some  secondary  faetora,  demanding 
oa  principal  ones,  which  are  highly  important  for  the  diffusion  in  solid 
phases.  These  secondary  factors  induce  the  continuc’isly  stable 
distortions  of  structure;  mosaic  nature  and  substructure  of  cryatallltes; 
the  presence  of  intercrystsllite  bondings  in  polyerystala,  etc. 

Tae  crystallographic  type  of  lattices  and  the  character  of  bonding  forces 
ir.  thesa  lattices  determine  also  the  mechanism  of  these  solid-phase  chemical 
reactions  (phase  ^  rang  for  (La;  ions )  which  occur  during  the  reaction-diffusion 
process  on  boundaries  of  dross  layers.  A  special  place  in  this  group 
of  phenomena, constituting  the  reaction  diffusion,  is  occupied  by  the  chemical 
adsorption  of  gaseous  cocponento  oa  the  outer  surface  of  the  dross. 

The  necessity  of  a  detailed  study  of  the  cross  structure  upon  the  whole, 
end  of  the  structure  of  its  individual  constituent  homogeneous  layers, 
la  caused  by  Ihese  considerations^. 

4 

In  addition  to  the  above  indicated  factors,  vi*.  the  phase  composition 
end  structural  relation  of  the  diffusion  in  each  single-phase  layer  of  drosa, 
in  order  to  gain  an  understanding  of  kinetics  of  the  reaction  diffusion 
upon  the  whole,  it  is  necessary  to  take  into  account  a  number  of  supplerental 
factors,  particularly  phase  transformations  in  ratal  when  X*  and  I* 'elements 
(or  one  of  them)  dissolves  in  tcis  metal,  thus  changing  the  conditions 
and  rate  of  the  chemical  reaction  on  the  metal-dross  boundary;  further  on. 

In  tom  cases  it  is  necessary  to  taka  Into  consideration  the  possibility 
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of  the  formation  of  solid  phases,  resulting  from  chemical  reactions 
In  the  geeeou3  medium,  on  the  surface  of  metal  (or  dross).  This  can  delay 
the  penetration  of  X'  and  X*  atoms  into  the  cross,  or  the  exit  of  Me  atoms 
(diffusing  from  inside)  on  the  outer  surface  of  the  drone.  This  my  change 
also  the  structure  of  dross,  inasmuch  as  its  outer  :layer  will  become  s«b<eet 
to  changed  thermodynamic  conditions  due  to  s  different  concentrat iua 
of  a*  and  X*  on  the  outer  surface  of  dross. 
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